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Increased global awareness to climate change, global warming and CO2-emissions, has led to 
the introduction of new modern electric vehicles in the last couple of years, such as the Nissan 
Leaf and Tesla Model S. This combined with tax exemptions and incentives have made the 
sales figures for electric vehicles in Norway to skyrocket.  
 
This research looks at the socioeconomic effects between the procurement and use of an 
electric vehicle compared to a conventional vehicle under today´s policy measures. In order to 
get a sufficient comparison between electric and vehicles the cost-benefit analysis was 
chosen. The cost-benefit analysis was done in three separate scenarios, where each scenario 
included different variables. This was done in order to see which impact each of the variables 
had, and in turn evaluate the policy measures and results based on this.  
 
With the assumption that an electric vehicle has a lifetime of 14 years and an annual driving 
distance of 13.000, the marginal socioeconomic net present value was estimated to be 
262.956 NOK for choosing an electric vehicle instead of a conventional vehicle, given 
today´s policy measures throughout the lifetime. The estimated cost-benefit model showed 
that the difference in the marginal net benefit in the private costs of owning an electric vehicle 
compared to a conventional vehicle had a big impact on the results. The greater the difference 
was the more socioeconomic beneficial the electric vehicle became compared to the 
conventional vehicle.  
 
For future policies it was recommended that policy measures toward road transportation 
should aim at making the use of vehicles a more costly choice compared to public transport, 
walking or cycling than they are today. At the same time make sure that the private costs of 
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1. Introduction  
1.1 Motivation and background  
Over the last couple of years there has been a significant increase in the number of electric 
vehicles on the Norwegian roads. The situation today is that the number of electric vehicles 
on Norwegian roads have passed a total of 50.000, and is close to reaching a 2% share of the 
car fleet in Norway [1]. Further, in 2014, 12,5% of the passenger vehicles sold in Norway 
were fully electric vehicles [2]. The increased number of electric vehicles in Norway can be 
explained by the introduction of multiple new electric vehicles such as the Nissan Leaf and 
Tesla Model S. The reason for the success of this new generation of electric vehicles can be 
explained by better driving range and new vehicle design.  
 
The introduction of the new generation of electric vehicles combined with increased global 
awareness to climate change, global warming and CO2-emissions has also resulted in a global 
growth in the electric vehicle market. In 2014, approximately 70 million new passenger cars 
were sold in the world [3]. Out of these 70 million new vehicles, 320.000 (ZSW 2015) were 
plug-in electric vehicles, equivalent of 0,5%. The biggest importers were USA, China and 
Japan and with Norway as the fourth biggest importer of electric vehicles (ZSW 2015). 
Although Norway was the fourth biggest importer, when comparing the share of electric 
vehicles with the total car fleet or per capita, Norway is the market leader and considered a 
pioneer in the field. The main reason Norway has such a high market share of electric 
vehicles compared to other countries are related to the Norwegian policies towards electric 
vehicles. In Norway electric vehicles are given tax exemptions and incentives associated with 
procurement and use. Other countries also give incentives and have taken measures to 
increase the use of electric vehicles. According to the International Energy Agency (IEA, 
2013) it is mostly a form of tax credit received with procurement of an electric vehicles, and it 
is not considered to be comparable to the Norwegian policy measures.  
 
The last year’s drastic increase in the number of electric vehicles has truly caught the 
attention of the public eye in Norway, with substantial media coverage and discussions about 
the measures. This has raised some interesting questions such as:  
- How much has the Norwegian government lost in tax revenues by giving tax 
exemptions and incentives to electric vehicles?  
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- Are electric vehicles better for the environment than conventional vehicles?  
- When should the policy measures be removed?  
 
In order to evaluate the incentives and tax exemptions given to electric vehicles in Norway a 
cost-benefit analysis was chosen. The main reason for this is that the cost-benefit analysis 
identifies and describes all the positive and negative effects of a given measure. All the effects 
should be evaluated in a monetary unit as far as possible, which will help make for a solid 
foundation for further decision-making (NOU, 2012).  
1.2 Problem formulation  
The objective of this thesis is to evaluate the socioeconomic effects of the Norwegian 
governments policies towards the procurement and use of electric vehicles compared to 
conventional vehicles in Norway. In order to find out if electric vehicles are a socioeconomic 
beneficial choice compared to conventional vehicles we will be using a cost-benefit analysis.  
 
Electric vehicles come in many different forms and shapes and we usually distinguish 
between three types of EVs. It is the fully battery electric vehicle (BEV), which is driven 
solely by electric power. Second is the hybrid electric vehicle (HEV), which has both an 
electric and combustion engine. Last is the plug-in hybrid (PHEV), which also has an electric 
and a combustion engine as the HEV. The difference is that the PHEV can charge its electric 
engine from an external electric power source. The fully battery electric vehicle is given 
different policy measures than both of the hybrid electric vehicles, and since this research will 
be comparing the fully battery electric vehicle with the internal combustion engine vehicle, 
both HEVs and PHEVs are excluded from the estimation. For simplicity here on out, EV will 
refer to the fully battery electric vehicle alone. The internal combustion engine vehicle, which 
essentially petrol- and diesel driven vehicles in Norway, will be referred to as ICEVs.  
1.3 Literature 
There exists a substantial amount of literature associated with cost-benefit analysis. Multiple 
reports and guidelines are prepared by different governmental agencies, such as the guidelines 
from the Treasury of Norway (Finansdepertement, 2014). The Norwegian directorate of 
financial management has also published a guideline on how to conduct an economic analysis 
(DFO, 2014) with the use of NOU (1998),  NOU (2012) and Finansdepertement (2014). The 
Institute of Transport Economics published a report about the marginal external costs of road 
transportation (Thune-Larsen, Veisten, Løvold Rødseth, & Klæbøe, 2014), which include 
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estimates for the marginal damage of local air pollution caused by road transportation.  To 
find the cost of climate change associated with road transportation I use  “Update of the 
Handbook on External Costs of Transport”, see Korzhenevych et al. (2014).  
 
There are limited studies regarding socioeconomic analysis of electric vehicles in Norway. 
Carlsson and Johansson-Stenman (2003) did a cost-benefit analysis about electric vehicles in 
Sweden. In this one of the purposes was to find out if it was beneficial to promote the 
introduction of electric vehicles by subsidizing them.   
1.4 Disposition/outline  
This thesis is outlined in the following way: chapter 2 is a presentation of theory about the 
topic. That includes everything from climate change to the Norwegian policies that are 
considered relevant for this thesis. Chapter 3 is about the cost-benefit analysis, containing 
general information about socioeconomic and cost-benefit analysis. Further, the derivation of 
the cost-benefit model and a description of data are presented. In the last section of this 
chapter, different assumptions will be taken and the valuation of the cost and benefits will be 
explained. In chapter 4 the results will be presented, followed by an uncertainty analysis 
regarding the cost-benefit model. After that, non-monetized side effects of the policy 
measures and other external effects regarding the policymaking are discussed. Chapter 5 is the 
last chapter, and it contains a discussion of results and a recommendation on future 
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2. Background  
This chapter contains background information of climate change and global warming, and 
how this has affected and formed the policy measures that are valid for electric vehicles in 
Norway today.  
	  
2.1 Climate change and global warming  
Climate change and global warming have become increasingly more discussed in the public 
debate over the last decade, and have become important topics to consider for the policy 
makers around the world. Climate change refers to all changes in the climate, from sea level 
rise, warming oceans, shrinking ice sheets, declining arctic sea ice, glacial retreat, extreme 
weather, ocean acidification, decreased snow cover and global temperature rise. Global 
warming is a part of the climate change, and it basically indicates the average temperature rise 
for the Earth´s climate system. An important thing to remember discussing climate change 
and global warming is that it is measured on a global scale. Climate change and global 
warming cannot be specified to only a state, region or country, it is the average for the whole 
world that is the correct measurement.  
 
Observations over the last decades and centuries imply that climate is changing. The evidence 
is based on the increment in sea levels, shrinking glaciers and ice sheet, and rise in 
temperatures of both air and sea [4]. There are some disagreements if the climate changes are 
caused by human activities or if they are just a part of earth´s evolutionary process.   
 
However, according to the fifth report from the Intergovernmental Panel on Climate Change 
(IPCC, 2014) there is at least 95% chance that the human-emitted greenhouse gases (GHG) 
are responsible for more than half of the Earth´s temperature increase since 1951. A graphical 
illustration of the temperature anomalies with data from four international science institutions 
over the last century is shown in appendix 1. From this illustration we can see that there has 
been significant increase over the last few decades and that the last decade is the warmest on 
record [5]. According to the European Commission to prevent potential severe climate 
changes, the average global warming should not exceed 2 degrees Celsius compared to the 
pre-industrial temperature average [6].  
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2.1.2 Greenhouse gases and CO2 emissions 
There is reason to believe that these trends of global warming are due to the expansion of the 
“greenhouse effect” caused by human made activity. The reason it is called the “greenhouse 
effect” is that the GHG that is released into atmosphere creates a layer inside the atmosphere. 
When sunlight passes through the atmosphere the first time and hits the earth´s surface, it is 
radiated back towards space. The outgoing radiation is then trapped in the layer of GHG in 
the atmosphere and re-emitted towards the earth. This causes the sunlight to warm the earth´s 
surface two times; hence a good illustration of this layer of GHG is to think of it as thermal 
blanket covering the earth [7]. 
 
The most significant gases that contribute to the greenhouse effect are water vapour (H2O), 
nitrous oxide (N2O), methane (CH4), and carbon dioxide (CO2). These gases have varying 
roles in the atmosphere since they have different properties and will react/respond physically 
or chemically differently to changes in temperature.  
 
CO2 is, as mentioned, one of the greenhouse gases, and it is emitted into the atmosphere from 
many different sources, such as natural processes like respiration and volcano eruptions, as 
well as human made activity such as, burning of fossil fuels and deforestation. From appendix 
2 we see the development of carbon dioxide in the atmosphere over the last 400.000 years. 
The data used to construct the figure is reconstructed from ice cores from the last three glacial 
cycles [8] and it is clear to see that the levels of CO2 in the atmosphere have increased 
drastically during the last century.  
2.1.3 Road transportations role 
In 2010 road transportation amounted to 10,2% of the global GHG emissions (IPCC, 2014a). 
Out of EU´s total emissions of CO2 in 2012, road transportation was responsible for 
approximately 25%. That was 20,5% higher than the emissions for 1990, and road 
transportation is the only sector where the emissions of GHG still are increasing [9]. 
Passenger vehicles are the main contributor to emissions from road transportation, and they 
amounted to 75% of the emissions. Hence, the total CO2 emissions from passenger vehicles 
of EU´s total CO2 emissions are 15%. In Norway road transportation accounted for 
approximately 19% of the total GHG emissions, behind the oil- and gas sector and the 
industry- and quarrying sector in 2014 [10]. 
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The road transportation sector is not the most polluting sector in the world, EU or in Norway, 
but the main concern regarding emissions from road transportation is the growth in the global 
transport sector. The global vehicle fleet is estimated to double or even triple in the coming 
decades according to United Nations Environment Programme (UNEP, 2013). 90% of the 
growth is from non-OECD countries. The main problem with this big growth of vehicles in 
non-OECD countries is that the average fuel efficiency is worse than in OECD countries as 
well as the fuel economy policies in these countries are few and poorly regulated compared 
OECD countries. 
 
Considering that burning of fossil fuel is one of the biggest contributors to CO2-emissions and 
that almost 95% of all the energy that is used for transportation comes from petroleum-based 
fuels, such as petrol and diesel [11]. A logical approach to a reduction of CO2 emissions in the 
transport sector will be to make vehicles that are not based on the usage of fossil fuels. The 
production of modern EVs is a direct result of this.  
2.2 The Norwegian policies towards electric vehicles   
As a result of climate change and global warming, reducing CO2 emissions have become a 
central part of politics, and an important aspect to consider for policy makers around the 
world. Climate change is as mentioned above, not specified to a specific region or country, it 
is a global event. The United Nations (UN) is aware of this and is trying to put together an 
international climate change agreement that will involve all countries [12]. 
 
In addition to global climate agreements, the Norwegian government has agreed on different 
climate goals for the future. The agreement is called “Klimaforliket 2012” and the following 
points are the most relevant to transportation and electric vehicles. First, Norway as obliged to 
reduce 30% of GHG emissions equivalent to 1990 emissions by the end of 2020. Out of these 
emission reductions, 2/3 has to be taken in Norway, implying that only 1/3 of emissions can 
be reduced with buying carbon offsets. As part of an ambitious global climate agreement 
Norway has a binding target of climate neutrality latest in 2030. It means that Norway must 
ensure emission reductions equivalent to Norwegian emissions in 2030. Last, Norway is 
going to be carbon neutral in 2050 (Energi- og Miljøkomiteen, 2011).   
 
Some of the general principles of the Norwegian transport policies are to stimulate use of 
more environmentally friendly fuel and energy sources, get a faster turnover of the car fleet 
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by reducing taxes, secure long-term transparency regarding the tax policies for vehicles and 
when it comes to average emissions of passenger vehicles it should be less than 95g CO2/km 
by 2020, the same goal as EU (Energi- og Miljøkomiteen, 2011).  
 
As a results of global climate agreements in the 1990´s, such as the United Nations 
Framework Convention on Climate Change (UNFCC) in 1992 [13], Norway started to 
implement incentives and tax exemptions for the use and procurement of zero-emission 
vehicles in Norway. Since the following measures only apply to zero-emissions vehicles, they 
are only applicable to fully battery electric vehicles, hence the reason for excluding hybrids in 
this analysis. The governmental measures are as follows (Figenbaum and Kolbenstvedt, 
2013): 
- Exemption of excise duty  
- Exemption of VAT 
- Reduced annual fee 
- Halved company car taxation  
- Financial support to building of charging stations  
- Reserved EL number plates  
 
Here are the municipal and local measurers and incentives applicable to EVs in Norway 
(Figenbaum and Kolbenstvedt, 2013a):  
- EVs are allowed to drive in bus lanes in certain selected areas 
- Free public parking  
- Free passing on toll-roads and ferries 
 
Each of these measures affects the procurement and use of EVs in different ways. The 
exemption of excise duty and VAT is intended to reduce the purchase price of EVs, making 
them a less expensive alternative to ICEVs. Other measures reduce the costs of using the EV, 
in order to make EVs less costly to use compared to ICEVs.   
 
2.3 Revised national budget  
In the revised national budget (12.05.15) a complete evaluation policy about passenger 
vehicles was done, and the future development of policies was presented [14]. The measures 
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and incentives mentioned above will remain untouched until at least 2017. However, after 
2017 the incentives for EVs in Norway are determined to be phased out.  
 
The plan is that the annual fee for EVs will be half of what ICEVs pay in 2018, and from 
2020 they will be equal. They are considering replacing the exemption of VAT for a premium 
that will be scaled down and eventually phased out over time.  
 
The government has started a process that will allow the municipalities to have a bigger 
influence and saying in what that is going to happen to the local measures such as access to 
bus lanes, free public parking and access to public charging stations.  
 
The government also wants to change the rates for the different components in the excise 
duty, in order to stimulate more environmentally friendly choices in terms of vehicles. The 
goal is to eventually phase out the kW-component as well as reducing the weight-component. 
At the same time the CO2-component will progressively increase in conformity with the 
reduction of the kW and weight. The NOx-component will also remain, and it will increase in 
the same way as the CO2-component. They expect that these changes will lead to lower 
revenues from the sales of new vehicles, but it will reduce the emissions from the car fleet as 
well as increase the sales of new vehicles. The Norwegian government will gradually start to 
implement these changes into the different components from 2016. This will only affect 
ICEVs at first, since EVs are exempted the excise duty until 2020.  
 
Climate change and global warming has lead to many climate agreements with the main goal 
of reducing the GHG emissions. A big part of reducing the GHG emissions is to reduce the 
CO2 emissions from the transportation sector. This increased climate awareness and focus on 
reducing CO2 emissions has resulted in a new generation of EVs from the car industry. The 
combination of this and the policy measures towards EVs in Norway has resulted in a drastic 
increase in the number of new EVs on the Norwegian roads. This is vital information in order 
to understand and evaluate the socioeconomic effect of the policy measures and to compare 
electric and conventional vehicles in Norway in the following sections.  
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3. The Cost-Benefit Analysis 
This chapter starts with a general review of socioeconomic analyzes and a cost-benefit 
analysis. This is followed by the derivation of the cost-benefit model, general assumptions 
and a description of data used in the analysis. The last section of this chapter contains the 
valuation and estimations of the components used in the cost-benefit analysis.    
3.1 Socioeconomic analysis  
The intention behind the use of a socioeconomic analysis as a tool is essentially to find out if 
government measures are socioeconomically beneficial or not. The socioeconomic analysis 
will help to identify and create visibility for the effects caused by the governmental measures, 
and how such a measure affects the different groups of the society (DFO, 2014). It can be 
used to evaluate regulations, investments, reforms, provision of services, or other measures, 
within all the sectors of the society (Finansdepartementet, 2014). Therefore, by conducting 
the socioeconomic analysis, it becomes a tool to use as a part of the decision making with 
other reports and consultative inputs.  
 
A socioeconomic analysis is not limited to only a cost that affects a public sector or public 
funding. The whole idea is to map out and elucidate all groups of society that are affected by 
a given measure, like changes in welfare or relocation of resources (DFO, 2014). For this 
thesis the analysis will be limited to the Norwegian society.  
 
There are distinguished between three types of socioeconomic analysis:  
- A cost-effectiveness analysis is usually applicable when a substantial amount of the 
consequences can´t be measured in a monetary unit. The problem of converting 
consequences into a monetary unit often comes from the beneficial aspect, and in such 
cases it will be more appropriate to use a cost-effectiveness analysis compared to a 
cost-benefit analysis. The main goal for a cost-effectiveness analysis is to find what 
measure will minimize the costs of reaching a target, given that the benefits of the 
measurements are the same. (NOU, 1998).  
- A cost-effect analysis is applicable when different measures can solve a problem, but 
the consequences of the measurements are not the same. In a scenario like that, the 
measure with the lowest costs is not necessary the right option. The costs needs to be 
measured and compared to the benefits of each measurement in order to create a solid 
platform for decision-making (NOU, 1998).  
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- A cost-benefit analysis will appreciate the costs and benefits of a given measurement 
in a monetary unit, such as NOK, as far as possible (Finansdepartementet, 2014). 
Since this is the method chosen for this thesis, it will be elaborated in the next section.  
3.2 The cost-benefit analysis  
According to the Norwegian department of treasury, Finansdepartementet (2014), guidelines 
for socioeconomic analysis a cost-benefit analysis (CBA) is an analysis that is supposed to 
valuate all the positive and negative effects of measure in a monetary unit as far as possible. 
The main principle is that a consequence equals the value people are willing to pay in order to 
achieve or avoid the given consequence. In order for a CBA to be socioeconomic 
profitable/beneficial, the people’s willingness to pay (WTP) for all of the benefits effects 
must be bigger than the total sum of the costs.  
 
This CBA will be an ex-post analysis, which is done in order to evaluate whether or not the 
measures that were taken were socioeconomic beneficial, instead of the more usual ex-ante 
analysis that predict the outcome before measures are taken (DFO, 2014). However, the steps 
and procedure in both of the analyses are the same.  
3.3 The cost benefit model  
The cost-benefit model used in this analysis is based on NOU (1998) method of net present 
value. Since cost and benefits of a measure don´t always occur at the same time, a method for 
comparing the costs and benefits in monetary units over time is needed. To do so, we can use 
the following net present value (NPV) formula:  
 








To simplify:   






Equation (1) and (2) are the same. Here 𝐼! is an expense for an investment in year 0. 𝑀𝑁𝐵! is 
the marginal net benefit, i.e. benefits minus costs that occur in year t, and n is the number of 
years the project is expected to last. In this equation r is the discount rate, and the idea of 
including it is to discount the marginal net benefit of year t to the present time (NOU, 1998).  
In this analysis the discount rate is excluded since the time period, i.e. the lifetime of a vehicle 
is relatively short. Secondly, the many of the estimates have already occurred, hence they 
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don´t need to be discounted. It is also mentioned in Fridstrøm and Østli (2014) that 
discounting futuristic emissions could be wrong since the effect of emissions is independent 
of when the emissions take place. With the discount rate equal to 0, we get the following net 
present value:  
 
(3)    𝑁𝑃𝑉 = −𝐼! + 𝑀𝑁𝐵!!!!!   
 
 
In the cost-benefit analysis the investment expense, −𝐼!, will be a fixed cost (FC) occurring 
with the procurement of an EV. The MNB for each year is the marginal difference with the 
use of an EV compared to an ICEV. This will consist of variable cost (VC), social cost (SC) 
and private cost (PC). All of these components will be explained in detail from section 3.6. 
Inserting these components into equation (3), we get the following equation:  
 
(4)     𝑁𝑃𝑉 = −𝐹𝐶 + −𝑉𝐶 + 𝑆𝐶 + 𝑃𝐶 !!!!!    
 
From the equation above we can see that fixed and variable cost are negative and will act as 
the cost side of the CBA. While social and private costs are positive and will represent the 
benefits in the CBA. Further, in this analysis the MNB, i.e. −𝑉𝐶 + 𝑆𝐶 + 𝑃𝐶 t, will be the 
same for each year, implying that we can write equation (4) as:  
 
(5)    𝑁𝑃𝑉 = −𝐹𝐶 + −𝑉𝐶 + 𝑆𝐶 + 𝑃𝐶 ∗ 𝑡 
 
In this thesis we will focus on if an electric vehicle is socioeconomic beneficial compared to a 
conventional vehicle, and in order for an EV to beneficial the marginal net benefit needs to be 
positive. If:  
 
(6)    𝑀𝑁𝐵 = −𝑉𝐶 + 𝑆𝐶 + 𝑃𝐶 ! < 0 
 
then the net present value in (5) will never be positive, i.e. EVs will never become beneficial 
compared to ICEVs. If:  
 
(7)      𝑀𝑁𝐵 = −𝑉𝐶 + 𝑆𝐶 + 𝑃𝐶 ! > 0 
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the net present value in (5) will be positive and EVs will become beneficial at a given time.  
 
The policy measures towards EVs in Norway can be said to be financed by tax revenues, even 
though it is referred to as a loss in tax revenues. Since taxes in general are considered to 
distort the allocation of resources between private households and firms. The effect of such a 
distortion is considered the marginal cost of public funds, or the socioeconomic cost of 
publicly funded measures.  
 
According to Finansdepartementet (2014) tax costs will lead to different prices for consumers 
and producers. These differences will eventually lead to different decision-making among 
consumers and producers, which leads to an efficiency loss in the economy. Further they state 
that tax collection is estimated to have a socioeconomic cost of 0,2NOK of each NOK 
collected in tax (Fridstrøm & Østli 2014), since taxes disturbs the price signal and usually 
leads to lower creation of value. This implies that 20% of the tax incentives given to electric 
vehicles are to be considered as a socioeconomic cost. In other words the socioeconomic cost 
is considered to be 20% of the total loss in tax revenues, i.e. 20% of fixed and variable costs.  
 
There are different opinions about the marginal cost of collecting tax, where Bjertnæs (2015) 
implies that the marginal cost of public funds should be 5%, while Carlsson and Johansson-
Stenman (2003) recommend that public subsidies is something that not should be corrected 
for excess burden.  
 
Since this analysis has a socioeconomic perspective, the cost in the CBA will be 20% of the 
total loss in revenue. Hence equation (5) becomes:  
 
(8)    𝑁𝑃𝑉 = −0,2 ∗ 𝐹𝐶 + (−0,2 ∗ 𝑉𝐶)+ 𝑆𝐶 + 𝑃𝐶 ∗ 𝑡 
 
To figure out at which year the EV becomes beneficial we need to find the breakeven point of 
equation (8). The breakeven point is the point when the costs and benefits are exactly the 
same, hence when the NPV equals 0. Inserting NPV=0 into (8) and relocating the equation 
with respect to time, t, we get the following: 
 
(9)     𝑡 = !,!∗!"
((!!,!∗!")!!"!!")
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This equation will tells us at what time, t, an EV will become beneficial compared to a 
conventional vehicle. In order to find out how many kilometers it takes for an EV to 
breakeven it is just to multiply t with the yearly driving distance in kilometers.  
 
These two equations are the ones that cost-benefit analysis will be based on. Where equation 
(9) will estimate the NPV of choosing an EV compared to an ICEV, and equation (10) will be 
used to estimate at what year or kilometer EVs will become beneficial.   
	  
3.4 Assumptions and estimations   
This section start with some general assumptions before moving on to section 3.5 with a 
description of data and then 3.6 elaborating around the costs associated with CBA. Section 
3.7 is assumptions and estimations about the benefits included in the CBA. 
3.4.1 General assumptions  
A general assumption with this model is that the total car fleet does not change, implying that 
if a new vehicle is procured, an equivalent ICEV will be taken out of the car fleet. Keeping 
the total number of the car fleet constant will not have a significant impact on the results, 
since the model looks at the cost and benefits at a vehicle-level. Though, if we are comparing 
the vehicle-based results and don´t include this assumption, the estimated results would be 
biased.   
 
This cost-benefit model will compare the marginal benefit of choosing an EV over an ICEV, 
and it is not comparing the choice of procuring an EV with not procuring a vehicle at all. This 
is important considering the private costs. Because, if a consumer buys an EV, and an ICEV 
isn´t replaced, that would lead to an additional vehicle on the road. For that scenario, the 
private costs such as interest rate on the mortgage, annual fee, parking, electricity, etc. would 
be counted as a cost, making the net benefit of private costs negative. The net benefit from 
social costs would also become negative. Since the marginal difference in this scenario would 
be from not having a vehicle, to an additional vehicle on the road, and then all of the seven 
inputs would have to be included as a net cost. This would lead to a cost-benefit model 
consisting of only negative inputs; hence, it will never be socioeconomically beneficial with 
an additional vehicle on the road.  
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Life-­‐cycle	  analysis	  	  
The whole life-cycle analysis of vehicles is every external effect caused by the production and 
use by a vehicle and its fuel, and big parts of the whole life-cycle analysis will not be included 
in this thesis. The life-cycle analysis is usually divided into two phases called the well-to-tank 
and tank-to-wheel. The well-to-tank phase is essentially all externalities associated with the 
vehicle production, such as production of bodywork, engine, batteries, etc. The externalities 
of vehicle production are usually larger for EVs than they are for ICEVs mainly because the 
production of batteries for the EVs is a difficult and energy-intensive process (Notter et al., 
2010),  (Majeau-Bettez et al., 2011), (Hawkins et al., 2013).  
 
This part is not included in this CBA and for two reasons. First, according to Carlsson and 
Johansson-Stenman (2003) the externalities associated with the well-to-tank activities cannot 
be given to another country, whether or not a country has externality-correcting taxes. Hence, 
including emissions emitted and regulated in other countries where the vehicle production 
takes place, and also including the same emissions and externalities in this analysis could lead 
to inefficiencies since they are included twice. Secondly, getting these specific numbers for 
all the electric vehicles available in Norway is a tremendously complex task. First you need 
the externalities associated with the vehicle production, and then you need the externalities 
associated with the production of the battery packs, which is often manufactured by an 
external company, such as Tesla and Panasonic [27]. After that, the externalities associated 
with the production of ICEVs needs to be estimated in order to compare EVs to ICEVs and 
get the total net effect of vehicle production. Hence, for both the simplicity and scope of this 
thesis and analysis, externalities of well-to-tank activities will not be included.  
 
The other part of the life-cycle analysis is as mentioned earlier the tank-to-wheel activities. 
This part is all of the externalities associated with the use of a vehicle. The main components 
to consider here are the externalities with the production of fuel and electricity, and the 
emissions caused by the combustion of these fuels when the vehicle is in use. As opposed to 
the externalities associated with vehicle production, the externalities with the production of 
fuel and electricity take place in Norway. Considering that more than 96% of the electricity 
produced in Norway in 2013 came from hydropower [28], there would be few externalities 
associated with the use of electricity in EVs. The costs and emissions associated with the 
refining of diesel and petrol used in ICEVs, from the extraction of oil to the transportation of 
fuels to gas stations, consists of many components and was considered too complex to 
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estimate for the scope of this thesis. The externalities associated with the production of fuel 
for both EVs and ICEVs was not included in this analysis. The emissions from combustion is 
included and estimated in the section with social costs in section 3.6.  
Annual	  driving	  distance	  	  
In 2014 the annual average driving distance for passenger cars in Norway was 13.264km, 
while average annual driving distance for electric vehicles the same year was 7.800km [29]. 
The reason electric vehicles had so much shorter average annual driving distance can be 
explained by shorter range and long charging time compared to conventional vehicles. 
Although there is a significant difference between the averages, the annual driving distance is 
for simplicity assumed to be 13.000km for both EVs as well as for ICEVs. This is with 
regards to the assumption that the procurement of an EV will replace an ICEV.  
Consumption	  and	  share	  of	  diesel	  and	  petrol	  cars	  	  
Out of the total car fleet with internal combustion engines in Norway, the diesel driven 
vehicles amounted 46%, and the petrol driven vehicles amounted to 54% of the shares in 
2014 [30]. This information is necessary since data is provided for both petrol and diesel 
vehicles. The average fuel consumption in litres/10km is assumed to be 0,55l/10km for both 
petrol and diesel.  
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3.5 Data 
In this analysis the time perspective is from January 2010 including March 2015. I was 
provided with data from OFV regarding the yearly sales of new electric vehicles in the same 
time perspective. In this dataset a total of 39475 new electric vehicles registered spread over 
the time period as illustrated in figure 1 below.  
 
	  
Figure 1: Yearly registration of EVs in Norway. Source: OFV AS. 
 
In table 1 below all of the different EVs sold in the time period are listed in chronological 
order based on market shares. Purchase prices, power and weight for each EV are collected 
from the respective website for each brand. This was done for the 12 electric vehicles with the 
highest market shares. Using prices and technical specifications from 2015 for the whole time 
period leads to some differences that is further discussed in section 3.6 and in the uncertainty 
analysis in section 4.3. Considering that the remaining fifteen vehicles amounted 1,3% of the 
market share together, an average for the purchase price, power and weight from the top 
twelve was used. In figure 2 a pie chart of the market shares for each of the vehicles for the 
whole time period are presented.  






2010	   2011	   2012	   2013	   2014	   2015	  
Yearly registration of EVs in Norway 
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Table 1: Data and technical specification. Source: OFV.   
 
Nr [Source] Car 
Number 






1 [15] Nissan Leaf 13138 33,3 189000 80 1474 
2 [16] Tesla Model S 7555 19,1 558000 274 2108 
3 [17] Volkswagen e-Golf 4690 11,9 253200 86 1510 
4 [18] Volkswagen e-up! 4036 10,2 196400 60 1139 
5 [19] Mitsubishi I-MiEV 2649 6,7 147620 49 1085 
6 [20] BMW i3 2427 6,1 249900 125 1195 
7 [21] Peugeot iOn 1218 3,1 169000 49 1120 
8 [22] Citroen C-Zero 1189 3,0 139900 49 1120 
9 [23] Renault Zoe 794 2,0 199900 65 1503 
10 [24] Kia Soul 617 1,6 211900 90 1490 
11 [25] Think City 409 1,0 244000 37 1038 
12 [26] Ford Focus Electric 252 0,6 203800 107 1674 
13 Nissan NV200 190 0,5 233152 89 1371 
14 Mercedes-Benz B-Class  96 0,2 233152 89 1371 
15 Think Think 80 0,2 233152 89 1371 
16 Tesla Roadster 79 0,2 233152 89 1371 
17 Mia Andre 14 0,0 233152 89 1371 
18 Volvo C30 10 0,0 233152 89 1371 
19 Renault Fluence 8 0,0 233152 89 1371 
20 Smart ForTwo 7 0,0 233152 89 1371 
21 Fiat Fiorino 6 0,0 233152 89 1371 
22 Fiat 500 3 0,0 233152 89 1371 
23 Mercedes-Benz SLS 2 0,0 233152 89 1371 
24 Tazzari EM1 2 0,0 233152 89 1371 
25 Mia VE79 2 0,0 233152 89 1371 
26 Tazzari Zero 1 0,0 233152 89 1371 
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Figure 2: Market shares. Source: OFV AS.  
 
The cost in NOK/km used for estimating the marginal of local air pollution are found in 
Thune-Larsen et al. (2014), and are presented in table 2 below. The cost of marginal damage 
of climate change associated with road transportation used in this analysis is listed in 
appendix 3. Explanation and estimation with these numbers are elaborated in section 3.7.  
 








ICEV Petrol 0,27 0,05 0,01 0,18 
ICEV Diesel 0,44 0,08 0,01 0,29 
Table 2: Cost of local air pollution. Source (Thune-Larsen et.al, 2014) 
In table 2 below, key figures for the estimation of this analysis is presented. These key figures 











Market shares from 01.2010-03.2015  
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 ICEV EV 
Average consumption 0,55 liter/10km 0,201 kWh/km (Top 3) 
Yearly consumption 715 liter/year 3068 kWh/year 
Price per liter or kWh 13,65 NOK/liter 0,837 NOK/kWh 
Share of fee and VAT of liter 
and kWh 
6,95 NOK/year  0,271 NOK/kWh 
Annual fee 3060 NOK/year 435 NOK/year 
Toll booths 3600 NOK/year 0 NOK/year 
Public parking  3300 NOK/year 0 NOK/year 
Annual driving distance 13.000 km/year 13.000 km/year 
Table 3: Key figures.  
 
3.6 Estimating cost  
In this section the costs associated with the procurement will be explained. The costs are 
essentially the loss in revenue for the Norwegian government caused by the tax exemptions 
and incentives with the procurement and use of electric vehicles. These costs are divided into 
fixed and variable costs.  
3.6.1 Estimation of fixed costs 
The fixed costs (FC) of this analysis are the costs associated with procurement of an EV. The 
FC stems from the one-time loss in revenue from the exemption of the excise duty and VAT 
on electric vehicles in Norway. The loss in revenue from total excise duty and VAT are then 
added together, and a total fixed cost for the average electric vehicle is then estimated.  
Excise duty  
The excise duty is estimated based on four parameters, CO2, NOx, weight and kW of each 
vehicle. Since the estimation of excise duty is based on the loss in revenue from procuring an 
EV, the factors of CO2 and NOx will not be included. The reason for this is that the 
externalities of producing electricity are excluded, and electric vehicles don´t emit neither 
CO2 nor NOx during the usage phase. This leaves us with weight and kW as the remaining 
parameters. Each of these parameters consists of different rates in different intervals of a 
given effect or weight, and the estimation of these parameters for each vehicle is done by 
using the rates from Toll og Avgiftsdirektoratet (2015). Using the estimation procedure with 
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the rates for 2015 for all vehicles in the given time period of this thesis will not give the exact, 
actual loss in revenues for each vehicle since the rates has changed over the years [31]. Even 
though there have been some changes in the rates during the given time period, the average 
numbers estimated for each vehicle are considered to be both significant and applicable.  
VAT  
EVs in Norway are exempted from VAT on the customs valuation of the car. The customs 
valuation consists of purchase price, shipping- and insurance costs that incur until the vehicle 
has arrived in Norway [32]. The rate of VAT is 25% of the customs valuation of the vehicle. 
In the estimated purchase price in table 1, the shipping costs are included for most of the 
models. Hence, the estimation of the loss in revenue from the exemption of VAT is simply 
the rate of VAT multiplied with the purchase price. It is worth mentioning that all additional 
equipment purchased and fitted to any given vehicle during manufacturing and before the cars 
enters Norway and the local dealership, is also exempted from VAT. Considering that the 
purchase prices in table 1 are based on the basic model for each brands, i.e. the cheapest 
models with minimum equipment, the actual purchase price is probably higher than the one 
used. This is especially related to Tesla, since it is possible to choose extra equipment for over 
200.000NOK in addition to the basic purchase price of Tesla Model S 70P [33].  
 
Another concern with the purchase prices is the changes they have had over the time period. 
Where most of the vehicles have experienced a decrease in the purchase price, Tesla has 
increased their prices [34]. Since there was no data available on actual average purchase price 
for each model over the time period, the estimation done is considered to be adequate, but 
with the notion that the total estimated VAT could be too low. This is reflected further in the 
uncertainty analysis in section 4.3.   
Total fixed costs 
The total fixed cost for the period was estimated to be 8,507 billion NOK, making the average 
fixed cost 215.512NOK for each EV. The variable costs were 2,651 billion NOK and the 
excise duty was 5,856 billion NOK. Tesla amounted to 4,643 billion NOK of the fixed costs, 
making the average fixed costs for Tesla 614.457 NOK.  
 
3.6.2 Estimation of variable costs  
The difference between the variable cost (VC) and fixed costs is that the VC is dependent of 
number of years or how many kilometers the vehicle drives per year, as opposed to the FC 
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that is a one-time cost. The VC is the loss in revenue from the incentives associated with the 
use of EVs, and is presented below.  
Annual fee 
EVs aren´t exempted to pay the annual fee, but the fee has been reduced compared to petrol- 
and diesel driven vehicles. Diesel driven vehicles without a factory installed particle filter has 
to pay a higher fee then diesel vehicles with the particle filter installed. For simplicity it has 
been assumed that all of the diesel driven vehicles have a factory installed particle filter, and 
that the annual fee of ICEVs is then 3060NOK/year and 435 NOK/year for electric vehicles 
[35]. The difference between the annual fee for ICEVs and EVs, 2625NOK/year, is 
considered a loss in tax revenue, and is the cost of the annual fee with the procurement of an 
EV.  
Tollbooths and ferries  
From Figenbaum et.al. (2014), the value of free passing of tollbooths or driving on toll-roads 
was estimated to be 3600NOK per EV each year. However, there are big regional differences 
in terms of costs from using toll-roads and considering the importance of this incentive for 
EV-owners, the estimate is assumed to be on the low side.  
 
Figenbaum et.al. (2014) also have an value for the costs associated with free use of ferries, 
and that is estimated to 1200 NOK/year for each electric vehicle. This cost is however, 
estimated based on the fact that the value of free ferries is 1/3 as important as the free passing 
on toll-roads and tollbooths. Hence, there is still large uncertainty regarding both of these 
estimates since no specific data is available. Regardless, the total costs from free passage from 
tollbooths, toll-roads and ferries used are 4800NOK/year per EV, and this number is 
considered to be sufficient enough for further estimation.  
Parking  
According to Fearnley (2014) the average electric vehicle gets incentives equivalent of 
3300NOK per year in form of free public parking. This estimate will be used as the yearly 
parking cost for each vehicle and is consider being a precise estimate.  
Public charging  
From the chapter about charging behavior among EV owners in Figenbaum et.al. (2014), an 
assumption was made that approximately 20% of the charging occurs at a public charging 
station. With this information available as well as the numbers in table 3, we can calculate 
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that a total of 522,6 kWh/year are charged at a public charging station per EV. With the 
electricity cost of 0,837 NOK/kWh, this means that the average cost per vehicle from public 
charging is 437NOK/year. This is considered to be a very rough estimate with high 
uncertainty, but the total average cost isn´t very high, hence the impact of the uncertainty 
about the public charging cost is almost trivial. The reason for using this electricity cost and 
not the cost of fee and VAT of each kWh is the assumption that the Norwegian government 
has to pay for the electricity in addition to loosing revenues in terms of VAT and fee.  
Fees and VAT from fuel consumption  
Replacing one ICEV with an EV leads to a decrease in the consumption of fuels such as 
diesel and petrol. This leads to a loss in revenues since the sale of diesel and petrol is taxed in 
terms of fees and VAT. Fuel prices and the rates of fees and VAT for each type of fuel were 
found at Statistics Norway [36]. An average for the fees and VAT per litre of fuel was created 
for the given time period. It was then multiplied with the average annual consumption from 
table 1.  
 
With this procedure the total loss in revenue from fees and VAT caused by the decrease in 
fuel consumption, was estimated to be 5868 NOK/year per ICEV. Since the CBA estimates 
the net difference between EVs and ICEVs, the government’s revenue from fees in the 
electricity price also has to be included. Considering that EVs are charged at home 80% of the 
time, this electricity leads to an increase in revenues in terms of 566NOK/year for each EV, 
and makes the total net cost of decrease in fuel consumption 5302 NOK/year for each vehicle.  
Bus lanes  
Electric vehicles are also allowed to use the bus lanes in some areas where those exist. 
According to Figenbaum et.al. (2014), the time saved by using the bus lanes for EV-owners is 
equivalent of 7800NOK per year. Since this estimation don´t include the cost of the extra time 
used by the other people traveling by bus, this estimation is not included in the estimation. 
The total net effect of this incentive is unclear, and we are not able to include this since there 
are no data available on the total net effect of this incentive. 
Public charging stations  
The costs for publicly funded charging stations was estimated to be approximately 2.500€ for 
each regular charging station (Figenbaum and Kolbenstvedt, 2013b). Charging stations for 
fast charging were estimated to be significantly more expensive, and the cost was in the range 
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of 62.000-125.000€ for each fast charging stations. However, making these numbers 
applicable to the average EV for the time period was not feasible due to the lack of precise 
and sufficient data. Hence, the cost of funding public charging stations was excluded from the 
estimation.  
Total variable costs 
Adding all of the variable costs presented and estimated above, the total average variable cost 
per vehicle is 14.665 NOK per year. This cost is for simplicity assumed to be constant over 
the whole lifetime of the vehicle. Any changes in the current policy measures will make the 
estimations not applicable to model.   
3.7 Estimating benefits  
This section describes the benefits of replacing an electric vehicle with a conventional 
vehicle. These benefits are divided into two variables, social costs and private costs. The 
reason these benefits are referred to as costs, is the fact that cars, an EV as well as an ICEV, 
will create costs associated with road transportation, both marginal damage and private 
ownership. The reason they will be included as benefits in the CBA is the costs of owning and 
using an EV is much lower than the cost of owning and using an ICEV. Hence, there will be a 
decrease in marginal damage and private costs of replacing an EV with an ICEV.  
3.7.1 Estimation of social costs 
According to the update of the Handbook on External Costs of Transport (Korzhenevych et 
al., 2014) there are seven external costs associated with road transportation. Below, each of 
the external cost and other effects are presented, and those that are included in the estimation 
are valued in NOK/km.  
Congestion costs 
Congestion costs is essentially the willingness to pay for avoiding the utility loss associated 
with spending time on the road, and it is estimated from road users. In this estimation EVs 
and ICEVs are considered equal, and given the assumption that one EV replaces an ICEV, 
there will be no net change in congestion costs.  
Accident costs 
External accident costs are the social costs associated with traffic accidents, and no literature 
indicates that the external accident costs are higher for the new electric vehicles than the 
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equivalent ICE vehicles are found. Thus, EVs and ICEV are assumed equal with regards to 
accident costs, making the marginal net benefit from accident cost equal to zero.  
Air pollution costs 
The external marginal cost of local air pollution is related to the emissions of environmentally 
harmful substances from the use of vehicles. This pollution occurs through different aspects 
with the use of a vehicle, such as combustion of fuel from the vehicles with combustion 
engines, road damage, tire damage, damage from brake linings, as well as the wind from 
vehicles moving causing dust and dirt on the side of the road to swirl up again (Thune-Larsen 
et.al. 2014). Since many of these aspects mentioned will have the same polluting effect with 
the use of an EV as well as an ICEV, we will focus on the emissions associated with 
combustion engines. Considering that electric vehicles don’t have an internal combustion 
engine, the estimated emissions from vehicles with an internal combustion engine will be the 
net effect. To compute the external costs coupled with the emissions from the internal 
combustion engine, we used the estimated cost from the Thune-Larsen et.al. (2014), see table 
2. Here the emissions are estimated in NOK/km caused by each passenger car, depending on 
fuel type, and divided into urban areas (>100.000), town (<100.000<15.000), and rural 
(<15.000). The emissions associated with the external effects of local air pollution are NOx 
(nitrous oxide) and PM10 (particulate matter). The costs of CO2-emissions from combustion 
are estimated in the climate change costs.  
 
Most of the EVs in Norway are located in or close to urban areas. Using Grønn Bil Norge´s 
overview [37] of EVs registered in each municipality and Statistics Norway [38] as the 
condition for how many inhabitants each area has, it was estimated that 60% of the EVs were 
located in urban areas with more than 100.000. While 30% were located in areas with more 
than 15.000 but less than 100.000 inhabitants, and the remaining 10% of the EVs were 
located in rural areas with less than 15.000 inhabitants. These vectors were then used with the 
numbers found from Thune-Larsen et.al. (2014), which lead to an average emission cost for a 
diesel and a petrol passenger car. These were then multiplied with the share of diesel and 
petrol cars in Norway, resulting in an average marginal external cost associated with the local 
emissions from a combustion engine of 0,2502 NOK/km.   
Noise costs 
The noise caused by the use of vehicles is also an external effect to consider in the estimation 
of the social costs. According to Marbjerg (2013) there is a difference in noise between 
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electric vehicles and vehicles with an internal engine. However, this is at low speed. After a 
given speed the noise from the tires will be the loudest component of a vehicle, hence making 
the noise costs for EVs equal to ICEVs. At what speed that this scenario occurs is rather 
unclear.  In the report from Thune-Larsen et.al. (2014) external noise cost were estimated for 
light duty vehicles and heavy-duty vehicles in specific scenarios. Since no specific data of the 
difference in noise from an EV and an ICEV in the given scenarios was found, the external 
noise costs had to be excluded from the estimation.  
Climate change costs 
The marginal external costs of climate change associated with road transportation are 
essentially the emission of CO2 during the combustion from an internal combustion engine. 
The report (Thune-Larsen et.al. 2014) didn´t include any specific climate change costs. 
However, the update of the handbook on external costs of transport (Korzhenevych et al., 
2014), did include a climate change cost, see appendix 3. The climate change costs in this 
table was estimated for diesel and petrol as well as engine size and EURO-class, and the 
numbers where given in €ct/vkm. EURO-5 was used as the given EURO-class for both diesel 
and petrol since it was the newest class available. There were three types of engine sizes, and 
engine size of 1,4-2 litres was chosen based on a search on finn.no.  
 
The climate change costs were divided into three categories, urban, rural, and motorways, 
where I estimated an average of these consisting of one third each. I then multiplied this 
average with the same percentage share of diesel and petrol, 46% and 54% respectively. The 
following number was given in €ct/vkm, and it was divided by 100, and multiplied with an 
exchange rate of 8,5 €/NOK (23.04.15) [39]. This gives us a cost of 0,1545 NOK/km.  
Costs of up- and downstream processes 
The costs of up- and downstream processes are the well-to-tank aspects associated energy 
production, vehicle production and infrastructure construction. It consists essentially of the 
same factors mentioned in section 3.5.1 about life-cycle analysis, and it will be excluded for 
the same reasons as well. It is worth mentioning that EVs and ICEVs are not considered equal 
regarding the well-to-tank aspect, but all input factors needs to be taken into account in order 
to estimate these figures and that is beyond the scope of this thesis. However, it is 
recommended to include this in future research in order to get a better picture of the whole 
life-cycle costs.  
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Marginal infrastructure costs 
The marginal infrastructure costs are the aspects corresponding to higher traffic levels on the 
roads, such as road maintenance and repair expenditures. Since we early on assumed that one 
EV replaced one ICEV, keeping the total car fleet constant, marginal infrastructure costs will 
not affect the social costs. However, the increased axel weight of EVs compared to ICEVs 
may cause the marginal infrastructure costs to increase as well. The effects of this increase are 
not well documented, and the general marginal infrastructure damage done by light-duty 
vehicles are very small compared to heavy-duty vehicles (Thune-Larsen et al., 2014). Hence, 
the net effect on marginal infrastructure by replacing an EV with an ICEV is assumed to be 
insignificant in the estimation of the social cost.  
Other costs  
Thune-Larsen et.al. (2014) mentions other aspects that might influence the external costs of 
road transportation, such as barrier effects, other health effects and nature- and landscape 
effects. Without further elaboration, the impact done by light-duty vehicles on these effects 
are considered to be the same for EVs as for ICEVs. Hence, these effects are not considered 
in the estimation of the social costs.  
Total social costs 
Out of all these marginal external costs associated with road transportation, the local air 
pollution and climate change are the ones that are included in the social cost of replacing an 
electric vehicle with an ICEV. The average social cost by the use of an ICEV are estimated to 
be 0,3898 NOK/km. Since EVs is assumed to not emit anything during use this is also the net 
difference of replacing an EV with an ICEV. Using an annual driving distance of 13.000km, 
the net social cost was estimated to 5068 NOK/year per vehicle.  
 
3.7.2 Estimation of private costs  
The procurement of a new vehicle would imply reduced liquidity for the car owner, since he 
would most likely have to take a loan, and his personal fixed costs would increase. However, 
procuring an EV or an ICEV at the same purchase price will lead to no net difference in this 
car owners fixed cost in terms of mortgage and interest rate. Assuming that the exemption of 
excise duty and VAT are making EVs in the same price range as ICEVs.  
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For simplicity the secondhand value and interest rate are assumed equal between EVs and 
ICEVs. The same goes for insurance, service, maintenance and tires. Since the new 
generation of electric vehicles haven´t been on the market for a long time, it is still a big 
uncertainty about actual costs. The remaining private costs are then fuel expenses, annual fee, 
toll booths/ferries and parking.  Fuel expenses are estimated to be the difference between the 
costs for fuel and electricity of driving 13.000km a year. Annual fee, toll booths/ferries and 
parking will be the same as the estimates included in the variable costs. Making the marginal 
net benefit of owning an EV instead of an ICEV 18.737 NOK per year.  
 
The assumption of including private costs is that the money that are not spent on the different 
costs of owning an EV compared to an ICEV, will eventually be spent on other things, 
making the socioeconomic net effect positive. 
 
3.8 Estimated costs and benefits  
Below, in table 4, all of the costs and benefits estimated above are presented.  
 




Lifetime cost all vehicles 
in dataset (billion) 
FC 215.512 0 215.512 8,507 
VC 14.665 14.665 205.310 8,112 
SC 0,3898 5.068 70.952 2,801 
PC 18.737 18.737 262.318 10,036 
Table 4: Costs and benefits 
 
If we assume that the average vehicle in this dataset has been on the road for 1,5 years, the 
total VC for all of the vehicles would be approximately 870 million NOK. That combined 
with the total FC for all vehicles makes the Norwegian government´s loss in revenue 
approximately 9,376 billion NOK for these EVs so far.  
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4. Results from the cost-benefit analysis  
In	  this	  chapter	  the	  results	  from	  the	  cost-­‐benefit	  analysis	  will	  be	  presented	  and	  
discussed.	  Further,	  there	  will	  be	  a	  discussion	  about	  certain	  side	  effects	  from	  the	  policy	  
measures,	  as	  well	  as	  a	  section	  about	  other	  aspects	  with	  the	  electric	  vehicle	  that	  affects	  
the	  policymaking.	  	  
	  
4.1 Baseline 
The	  baseline	  in	  a	  cost-­‐benefit	  analysis	  is	  to	  describe	  how	  the	  situation	  is	  today	  and	  what	  
is	  to	  be	  expected	  if	  the	  measures	  aren´t	  implemented	  (DFO,	  2014).	  Since	  this	  is	  an	  ex-­‐
post	  analysis	  with	  the	  aim	  of	  evaluating	  the	  policy	  measures	  over	  the	  last	  years,	  and	  that	  
the	  model	  computed	  in	  chapter	  3	  looks	  at	  the	  net	  marginal	  difference	  with	  procuring	  an	  
EV	  to	  an	  ICEV,	  the	  baseline	  or	  alternative	  with	  this	  model	  would	  be	  to	  compare	  an	  ICEV	  
to	  an	  EV	  without	  today´s	  policy	  measures.	  That	  would	  leave	  only	  the	  social	  costs,	  and	  
only	  the	  difference	  in	  fuel	  consumption	  from	  the	  private	  costs.	  However,	  removing	  the	  
tax	  exemptions	  would	  make	  the	  EVs	  more	  expensive,	  which	  would	  reduce	  the	  private	  
costs.	  By	  using	  a	  35%	  (25%	  VAT	  and	  10%	  excise	  duty)	  increase	  in	  purchase	  price,	  the	  
estimated	  NPV	  for	  the	  baseline	  scenario	  is	  102.620	  NOK.	  It	  is	  worth	  mentioning	  that	  in	  a	  
scenario	  like	  this,	  the	  recent	  development	  of	  EVs	  in	  Norway	  would	  not	  have	  been	  the	  
same.	  	  
 
4.2 Presentation of results   
The results are estimated in three scenarios that include different sets of costs. The fixed and 
social costs are included in all of the scenarios, and in scenario A they are the only ones used. 
In scenario B, the variable cost is also included, and in scenario C all of the components are 
included. The reason for including these different scenarios is to see how each of the 
parameters affects the result, which allows us to see how the political decisions can be made 
in order to improve the results. Scenario C will be the main results since all parameters are 
included.  
 
The cost-benefit analysis is estimated for three different averages as well, and they are all 
included in each of the scenarios. The first one is the total average, and that is for all the cars 
in the dataset. The second one is the total average without Tesla, and the third average is for 
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Tesla only. The reason why the CBA is divided into different averages is related to the fact 
that the total fixed costs for all of the vehicles in the data was estimated to 8,507 billion NOK, 
and the Tesla´s sold in this time-period amounted to 4,642 billion NOK, approximately 55% 
of the total fixed costs, although they only had a market share of 19%, see figure 2.  
 
All of the components are estimated based on net difference per vehicle. The fixed cost is as 
mentioned earlier a one-time fee, and it is also the starting point for each averages in the 
figures presented below. The average lifetime of each vehicle is assumed to be 14 years or 
182.000km based on Hawkins et.al. (2013), implying that if one of the averages breakeven in 
less than 14 years it will be socioeconomic beneficial to choose an EV over an ICEV.  
 
  
	   30	  
4.2.1 Scenario A 
In this scenario only fixed costs and social costs are included, implying that variable and 
private costs are set equal to zero in equation (9) and (10). We can see from table 5 that the 
FC for the average vehicle, i.e. the average loss in revenue for the government for each EV, is 
estimated to be 215.511 NOK, while the socioeconomic cost of this is estimated to be 43.102 
NOK.  
 
In this scenario the total average and the average without Tesla breakeven before the end of 
the lifetime and is considered to be socioeconomic beneficial. Tesla only, does not breakeven 
before the end of the expected lifetime, hence it is not considered socioeconomic beneficial.  
 


















8,507 -215.511 -43.102 5068 8,50 110.554 27.850 
Without 
Tesla 
3,865 -121.087 -24.217 5068 4,78 62.116 46.735 
Only 
Tesla  
4,642 -614.457 -122.891 5068 24,25 315.207 -51.939 
Table 5: Scenario A 
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4.2.2 Scenario B 
This scenario is the same as A in addition to including the variable costs. The variable costs 
are reducing the yearly marginal net benefit with almost 60% compared to scenario A. The 
effect of this is making the results in scenario B 2.37 times higher than the results from 
scenario A. Hence, making only the average without Tesla to breakeven before the expected 
lifetime.  
 
B 20% FC  20% 
VC  












-43.102 -2933 5068 1775 24,28 315.613 -18.247 
Without 
Tesla 
-24.217 -2933 5068 1775 13,64 177.330 638 
Only Tesla  -122.891 -2933 5068 1775 69,22 899.860 -98.036 
Table 6: Scenario B. 
	  
	  
Figure 4: Scenario B. 
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4.2.3 Scenario C 
In this scenario all of the components are included, making the yearly marginal net benefit 
20.512 NOK. This results in a breakeven after only 2,10 years or 27.317 km, and a net present 
value of 224.071 NOK for procuring a EV compared to an ICEV. Even the average consisting 
of only Tesla breakeven before halfway through its expected lifetime, and has a net present 
value of 164.282 NOK.  
C 20% FC  20% 
VC  










-43.102 -2933 18.737 5068 20.512 2,10 27.317 244.071 
Without 
Tesla 
-24.217 -2933 18.737 5068 20.512 1,18 15.348 262.956 
Only 
Tesla  
-122.891 -2933 18.737 5068 20.512 5,99 77.884 164.282 
Table 7: Scenario C. 
 
Figure 5: Scenario C. 
















Total	  Average	   Without	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4.3 Uncertainty analysis  
This section will elaborate and create visibility around the uncertainty within the different 
parameters in the cost benefit analysis (DFO 2014). The reason for this is to give an 
impression of the potential change in the results if changes are done in the parameters. The 
total average from scenario C is the result used when discussing the impacts uncertainty has 
on the parameters, and how this affects the results.  
4.3.1 Fixed cost 
The total fixed cost for this time period are estimated to be 8,507 billion NOK where 2,651 
billion NOK are from VAT, and the remaining 5,856 billion NOK were from excise duty. In 
figure 6 we can see each vehicles share of the total fixed cost over the time period.  
 
	  
Figure 6: Share of fixed cost 
 
As we can see from figure 6, Tesla accounts for 55% of the Norwegian government´s loss in 
revenue from excise duty and VAT. Considering that Tesla only had a market share 19% over 
the same time period, see figure 2, it is safe to assume that Tesla has a negative impact on the 
results on the total average. There are multiple factors causing uncertainty about the fixed 
costs for Tesla, since the purchase price can vary a lot depending on exact model and extra 
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more than what is used in the estimation [16]. Even though the purchase price for Tesla has 
increased over the years, there is no reason to assume that the estimated fixed costs for Tesla 
are too low [34].  
 
Most of the remaining EVs have experienced a decrease in the purchase price [34] due to the 
increased competition in the segment. Hence, the purchase prices used in the estimation are 
considered to be too low for the whole time period. The estimated excise duty for these EVs 
is considered to be a rather precise estimate.  
 
Overall, most of the inputs in the estimation of fixed costs are considered to be too low 
estimates. So if we are assuming a worst-case scenario with 5% increase in excise duty and 
25% increase in VAT for the rest of the car vehicles. And all Tesla´s purchased cost 
970.000NOK, with additional power and weight. The total fixed cost would then be 12,589 
billion, a 48% increase, resulting in a breakeven after 3,11 for the total average with all 
parameters included. This scenario above is considered to be an illustration on how much the 
fixed costs move with changes in Tesla specifications and the average of the rest of the 
vehicles, and is considered an worst-case scenario. While the used estimate of a total fixed 
cost of 8,507 and breakeven after 2,10 years is considered a best-case scenario.   
4.3.2 Variable cost 
The variable cost is composed of many different variables in it is a complex parameter with 
many assumptions. Though, some of these are considered to be quite reliable numbers, such 
as the annual fee and parking. The valuation of tollbooths, ferries, public charging, fees and 
VAT from fuel consumption on the other hand, is more uncertain. It is a very difficult task to 
get the exact figures on all of these variables, but we have estimated an uncertainty parameter 
for the variable costs as well. Considering all of the inputs, variables and changes over the 
time period the uncertainty parameter is the variable cost of 16465 NOK  ± 25%. With this 
uncertainty parameter in use the number of years it takes for the total average to breakeven in 
C would lay between 2,02 and 2,12 years.  
4.3.3 Social cost 
The social cost of electric and conventional vehicles is essentially the net different in the costs 
of emissions for the vehicles over a lifecycle. Since only the tank-to-well aspect are included 
in this cost-benefit, the social cost or social net benefit used in the estimation are not 
representative for the whole lifecycle cost.  
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If we look away from the assumptions given in section 3.5 and include the well-to-tank 
aspect, according to Hawkins (2013) an electric vehicle with a lifetime of 150.000km will 
have a potential of reducing the global warming with 10% to 24% on the European electricity 
mix compared to the conventional diesel and petrol car. Implying that the social costs will 
always be positive, i.e. considered a benefit in the CBA, especially if running on Norwegian 
produced electricity. It is worth mentioning that this is under European energy mix, and under 
Norwegian electricity mix the emissions would be even lower for an EV. This would lead to a 
higher social benefit for EVs, than for ICEVs.  
 
According to Hagman et al. (2015) the new Euro 6 classified diesel driven ICEVs emits 
between 4-20 times as much NOx in city-traffic and on cold days than the certified emission 
limits for Euro 6 vehicles. While Franco et al. (2014) estimated that the average on-road 
emissions of NOx to be 7 times higher than the certified emission limit for Euro 6 vehicles. 
Hagman et al. (2015) have also estimated that new ICEVs has a CO2-emission that is 20-95% 
higher with actual use, than what is measured from the New European Driving Cycle (NEDC) 
and is the certified emissions limit. Hence, if every new ICEV emits more CO2 than what is 
actually stated it is going to emit, it is reason to believe that social cost estimated in this 
model is too low.  
 
With all this included, the social cost is estimated to have an uncertainty of 50% in both 
directions. Hence, the current social cost of 5068 NOK ± 2534 NOK, making scenario the 
total average in C breakeven between 1,87 and 2,40 years.  
4.3.4 Private cost 
It is an underlying assumption for this model that if an EV isn´t bought, an equivalent ICEV 
would have been bought. The private costs of owning an EV compared to an ICEV are not 
well documented yet, since the new generation of EVs haven´t been on the market for a very 
long time. There is reason to believe that maintenance costs for EVs would be lower than they 
would for ICEVs, since the drivetrain and engine on EVs is much less complicated than it is 
in ICEVs. However, if an EV would have to replace the battery pack during its lifetime, the 
average maintenance costs would most likely be similar of the average maintenance costs for 
ICEVs, or worse.  
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The biggest input in the private cost is the fuel savings. Using ± 0,25 litre/10km as a best and 
worst scenario, and ±  50% of the public charging. The remaining inputs affecting the private 
costs are the ones included in the variable costs. Including all of the uncertainties above the 
private costs is estimated to be 18737  ±  4684 NOK. Which results in a breakeven after 1,71 
and 2,72 years in the best and the worst-case scenario, respectively. 
4.3.5	  Best-­‐	  and	  worst-­‐case	  scenarios	  	  
In order to get a total best-case scenario and a total worst-case scenario we add all of the 
different uncertainty scenarios for each input. By doing so the following breakeven are 
applicable for the total average in scenario C:  
 
A total best-case scenario: 1,51 years or 19.624km. NPV: 356.642 NOK.   
A total worst-case scenario:  5,12 years or 66.490km. NPV: 110.807 NOK. 
 
Even in a worst-case scenario with the cost-benefit model, the EV is still socioeconomic 
beneficial compared to the ICEV, with today´s policy measures. The best-case scenario would 
make EVs socioeconomically beneficial after just 1,51 years or 19.624km on the road.  
4.4	  Non-­‐monetized	  side	  effects	  	  
In this section the non-monetized side effects of the policy measures towards EVs in Norway 
will be discussed.  
4.4.1	  Increased	  use	  of	  vehicles	  
One of these side effects is the increased use of vehicles caused by the benefits of the 
incentives. A survey done about EV-owners in Norway (Figenbaum et.al., 2014), revealed 
some changes in the travel pattern, see appendix 4. From the appendix we see that 23% of the 
EV-owners in Norway said that they drive more than they did before they had an EV, while 
only 7% drive less. 16% said they use public transport less than before, while only 4% uses it 
more. These results indicate a slight increase in the use of a vehicle that may be correlated to 
the benefits with the incentives.  
 
In addition to a slight increase in the use of EVs after buying one, the incentives and tax 
exemptions also leads to an increase in the number of vehicles on the road. This increase is in 
addition to the average yearly growth in the vehicle fleet. According to Figenbaum et.al. 
(2014) 28% of EV-owners bought an EV in addition to owning another vehicle, while 3% of 
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the new EV-owners didn´t have a vehicle before procurement, see appendix 7. Tesla is the 
electric vehicle that replaces an ICEV most often. The reason for this is presumably the range 
and size of the vehicle compared to the other EVs.  
 
Figenabaum et.al. (2014) also found that one-third of EV-owners are a part of an EV-only 
household, and that this is a higher share than before. Implying that improvements of EVs in 
terms of range, purchase price, etc. makes more people replace their ICEV with an EV. 
Another factor to consider is that people that didn´t own a vehicle before, have bought an EV 
and making them a part of the statistics. Though, they amounted to only 3% of EV-owners.  
 
The positive effect of increased number of electric vehicles in addition to other ICEVs is the 
increase in the used EV market. This will result in a higher number of EVs for sale, which 
will help make EVs available at all price ranges, hence more people will have the opportunity 
to procure an EV.  
4.4.2	  Electric	  vehicles	  in	  bus	  lanes	  	  
EVs are as mentioned allowed to use the bus lanes in certain areas where they exists. 
This has resulted in more vehicles traveling in the bus lanes, causing public transport like 
buses to get stuck or delayed in traffic more frequently [40]. In spite of this the Norwegian 
automobile association NAF concludes that the bus lanes are capable of handling more 
vehicles, it is the on-going ramps to the bus lanes and highways that are the ones causing the 
traffic jams [40]. It is also reason to believe that the increased number of vehicles in bus 
lanes, are resulting in fewer vehicles travelling in the other lanes causing the overall effect to 
be socioeconomic beneficial in the terms of reduced local air pollution from ICEVs. 
4.4.3	  Reduced	  oil	  consumption	  	  
Replacing EVs with ICEVs leads to a reduced oil consumption. Considering that the oil 
industry in Norway stood for the biggest share of greenhouse gas emissions in 2014 [10], the 
increase in the use of EVs instead of ICEVs, can help reduce both the demand for oil and 
future emissions from the oil industry.  
 
This increased use of EVs will also increase the demand for electricity and this will lead to an 
increased load on the electricity grid in Norway. However, EVs are very energy efficient and 
wouldn´t sequester that much energy over a year. To illustrate this, consider a Tesla Model S 
with an efficiency of 0,2367 kWh/km, driving 13.000km a year, this equals a little more than 
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3070 kWh a year. If we now, hypothetically, replaced all ICEVs in Norway today with a 
Tesla Model S, the total electricity needed for all cars to drive 13.000km each would be 
approximately 7,7 tWh for all cars each year. Considering that Norway produced 142,3 TWh 
and had a total net export of 15,6 TWh in 2013 [41] the increase in the number of EVs in 
Norway is not expected to have a big impact on neither electricity production nor grid 
capacity in the next decade.  
 
4.5	  Other	  considerations	  regarding	  policymaking	  	  
According to the research and interviews done by Nyborg (2012), some politicians do not 
consider the cost-benefit analysis alone to be a sufficient enough tool for policymaking. With 
this in mind, the rest of this section will be a discussion involving external effects not 
discussed in the CBA, but still concerning the policymaking of EVs in Norway.  
4.5.1	  Sustainability	  	  
One	  of	  the	  aspects	  to	  consider	  regarding	  policymaking	  towards	  EVs	  is	  the	  sustainability.	  
If	  electric	  vehicles	  available	  on	  the	  market	  were	  not	  considered	  to	  be	  sustainable	  in	  
comparison	  to	  conventional	  vehicles,	  a	  change	  or	  removal	  of	  the	  tax	  exemptions	  and	  
incentives	  would	  most	  likely	  result	  in	  a	  decrease	  in	  the	  sales	  of	  EVs.	  	  
	  
Despite	  the	  recent	  years	  increase	  in	  the	  number	  electric	  vehicles	  in	  Norway,	  more	  than	  
80%	  people	  still	  choose	  to	  buy	  an	  ICEV	  [2].	  	  A	  possible	  reason	  why	  more	  people	  isn´t	  
purchasing	  an	  EV	  is	  the	  lack	  of	  certain	  qualities	  compared	  to	  ICEVs,	  where	  some	  of	  these	  
also	  are	  key	  factor	  to	  sustainability.	  A	  survey	  discussed	  in	  NAF	  (2015),	  see	  appendix	  6,	  
revealed	  that	  the	  biggest	  obstacle	  of	  procuring	  an	  EV	  was	  the	  uncertainty	  about	  the	  
maintenance	  costs,	  followed	  by	  the	  uncertainty	  about	  the	  second	  hand	  value,	  and	  third	  
was	  that	  people	  preferred	  combustion	  engines	  over	  electric	  engines.	  	  
	  
Over the last couple of years there has been an increase in the number of EVs in the market 
and different segments, but there are still many segments where the EV isn´t represented yet. 
Some of these segments are among the most popular segments in Norway, and those are 
estate cars and SUVs. From using the biggest sales site for cars in Norway, finn.no, and 
including all 58030 cars, 20436 (approximately 35%) of the cars for sale are in the segments 
of combined 3-doors/5-doors (Buddy/e-Golf) and sedans (Tesla). Implying that only 35% of 
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the car market has competitive substitutes with an electric engine. Although there is a large 
uncertainty about the quality of these numbers, they still provide a certain amount of insight 
in the market and trends. In addition, none of the EV manufactures offers EVs with extra 
equipment as tow bar or ski carrier. The reason for this is that the aerodynamic of a ski carrier 
and extra weight of towing will reduce the range, battery capacity, etc. For many potential 
EV-owners the right segment and equipment are key components, which cannot be omitted 
with the procurement of a new vehicle, especially if it´s intended to replace an ICEV.  
 
The purchase price and the secondhand value are important aspects affecting the 
implementation of EVs. The purchase prices have decreased for almost every electric vehicle 
over the last years, except for Tesla Model S [34]. The main reason for this is the competition 
in the small electric vehicle market, while Tesla Model S don´t have any competition from 
other electric vehicles in the same segment. Electric vehicles without the exemption of excise 
duty and VAT would be more expensive than a conventional vehicle to day. The reason for 
this is that the prices are closely correlated to cost of manufacturing, where the cost of 
manufacturing batteries is high (Oslo Economics, 2015).  
	  
Two	  things	  mainly	  affect	  the	  secondhand	  value	  of	  electric	  vehicles	  in	  Norway,	  and	  that	  is	  
the	  incentives	  and	  tax	  exemptions	  and	  the	  development	  in	  the	  battery	  technology.	  While	  
the	  secondhand	  value	  itself	  doesn´t	  have	  a	  direct	  effect	  on	  the	  sustainability	  it	  affects	  the	  
secondhand	  market.	  A	  big	  secondhand	  market	  with	  multiple	  EVs	  at	  different	  price	  
ranges	  is	  important	  in	  order	  for	  everybody	  to	  have	  the	  opportunity	  to	  buy	  an	  EV.	  	  
4.5.2	  Future	  potential	  	  
The	  internal	  combustion	  engine	  vehicle	  has	  been	  on	  the	  market	  for	  over	  a	  century,	  and	  it	  
has	  evolved	  a	  lot	  over	  that	  time	  period.	  The	  new	  generation	  of	  electric	  vehicles	  has	  only	  
been	  on	  the	  market	  in	  less	  than	  a	  decade.	  Hence,	  the	  future	  potential	  for	  EVs	  is	  
considered	  to	  be	  much	  higher	  than	  it	  is	  for	  ICEVs,	  and	  below	  some	  of	  the	  components	  
with	  the	  biggest	  potential	  is	  discussed.	  	  
Batteries 
The battery technology affects the electric vehicle in multiple ways, from production costs 
and emissions to range and capacity. The technology is still considered to be in the early 
stages in terms of mass-production for use in EVs. Hence, there is an uncertainty for the 
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expected lifetime and range of the different batteries. To cope with this uncertainty among 
users and potential buyers, the different manufacturers have a warranty on the batteries and/or 
driving distance. These warranties help with both the uncertainty among users and buyers 
about the battery as well as the secondhand value. 
 
A sudden breakthrough in the battery technology, for example a new way to store more 
electricity, would most likely lead to a drop in the secondhand value of EVs. This fear of a 
breakthrough in battery technology causing the secondhand value to drop is listed as the 
second biggest obstacle of procuring an EV (NAF, 2015), see appendix 6.  
 
Another demur evolving the batteries is the environmental aspect of disposing the batteries 
when they are no longer useful in the EV. When the capacity of the batteries has decreased to 
a certain amount so that the range and power is no longer fulfilling the needs, the batteries are 
not necessarily “dead” or no longer useful in other areas. One of the most promising areas of 
reusing the batteries is energy storage and reserve power supply in housing and industrial 
sector [42]. 
 
There is a high confidence that the largest potential for reducing emissions in the short term is 
from improving the energy efficiency from both vehicle and engine design (IPCC, 2014b). 
The report further implies, with medium evidence and agreement, that this is dependent of 
large investments by vehicle manufacturers, and in order for this to work and reduce 
emissions, it will require strong incentives and regulatory policies.  
 
Induction 
Another potential regarding batteries and range anxiety with the use of EVs is induction 
charging [43]. Induction charging is simply explained wireless charging, and the ideas behind 
using induction to charge EVs is to implement chargers into the road making the EV able to 
charge while driving [44][45]. This would help cope with the range anxiety, since it will 
increase the range of EVs. However, this technology would require a substantial amount of 
resources in terms of time and money to implement, but the potential is significant.  This 
technology would also make the battery technology less important.  
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Changing the car fleet 
Changing the entire Norwegian car fleet, or any car fleet for that matter, takes time. In 2012 in 
Norway the average car is 10,5 years old. [46]. Fridstrøm and Alfsen (2014) predict that 
changing the whole car fleet would take around 35 to 30 years considering that the car fleet is 
a slow mass. In other words, the effects of new EVs in the Norwegian car fleet will not be 
noticeable right away. A problem with this long turnover of the car fleet is that the costs are 
biggest now and in the near future, while the direct results are not significant until further 
ahead.  
 
Even	  if	  EVs	  and	  ICEVs	  were	  to	  be	  considered	  equally	  as	  environmentally	  harmful	  today,	  
the	  future	  potential	  of	  improving	  EVs	  in	  terms	  of	  manufacturing,	  emissions,	  and	  greener	  
electricity	  production	  are	  considered	  to	  be	  greater.	  The ICEV also have room for 
improvement both in production and fuel efficiency, but not to the same extent as EVs, 
especially considering that they have been on the market a very long time, and at the same 
time reaped the benefits from the economies of scale. 	  
4.5.3	  Norway´s	  impact	  on	  the	  world	  	  
The	  Norwegian	  car	  fleet	  amounts	  to	  less	  than	  0,3%	  of	  the	  global	  car	  fleet,	  hence	  any	  
particular	  changes	  in	  Norway	  would	  have	  small	  impact	  on	  the	  global	  car	  fleet	  [36][47].	  
However,	  out	  of	  all	  Tesla´s	  sold	  in	  2014,	  12,7%	  was	  imported	  to	  Norway	  [47].	  The	  
indirect	  effect	  of	  purchasing	  a	  high	  share	  of	  the	  EVs	  produced	  is	  that	  it	  helps	  the	  
manufacturers	  with	  the	  economies	  of	  scale.	  Building new production lines for EVs are 
costly, and purchasing EVs in the early stage of production will lead to higher	  revenue	  for	  
the	  manufacturers.	  An	  increased	  revenue	  and	  demand	  will	  eventually	  result	  in	  a	  higher	  
production	  of	  EVs	  at	  a	  lower	  cost,	  which	  can	  lead	  to	  new	  models	  in	  different	  segments.	  
The	  result	  of	  increased	  production	  of	  EVs	  from	  the	  different	  manufacturers	  is	  a	  decrease	  
in	  the	  retail	  price,	  i.e.	  making	  EVs	  more	  competitive	  against	  ICEVs.	  When	  EV	  
manufacturers	  reap	  the	  benefits	  of	  economy	  of	  scale,	  the	  emissions	  associated	  with	  
production	  will	  also	  be	  reduced.	  	  
	  
Another	  impact	  Norway	  will	  have	  on	  the	  world	  is	  the	  policy	  measures	  given	  towards	  
electric	  vehicles.	  These	  policy	  measures	  can	  be	  evaluated	  to	  see	  which	  of	  the	  incentives	  
were	  most	  efficient.	  In	  other	  words,	  use	  Norway	  to	  learn	  from,	  and	  in	  turn	  make	  
assessments	  of	  what	  is	  the	  best	  alternative	  for	  the	  given	  country.	  However,	  Holtsmark	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and	  Skonhoft	  (2014)	  concluded	  that	  the	  Norwegian	  policy	  measures	  should	  not	  be	  
implemented	  by	  other	  countries.	  The	  reason	  for	  this	  is	  that	  in	  order	  to	  reduce	  GHG	  
emissions,	  they	  suggest	  that	  the	  best	  way	  to	  do	  this	  is	  to	  reduce	  the	  overall	  road	  traffic	  
volume	  with	  imposing	  more	  taxes	  and	  restrictions	  on	  car	  use	  in	  general.	  	  
	  
It	  is	  worth	  considering	  that	  Norway	  has	  good	  prerequisites	  for	  electric	  vehicles,	  in	  terms	  
of	  environmentally	  friendly	  electricity	  production,	  and	  high	  taxation	  on	  passenger	  
vehicles,	  compared	  to	  other	  countries.	  Hence,	  the	  usage	  of	  EVs	  becomes	  very	  
environmentally	  friendly	  compared	  to	  ICEVs,	  and	  the	  exemption	  of	  certain	  taxes	  and	  
incentives	  have	  big	  impacts	  on	  the	  purchase	  and	  usage	  costs	  of	  EVs	  compared	  to	  ICEVs	  
in	  Norway.	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5. Discussion  
5.1 Results 
With today´s policy measures the results from the cost-benefit analysis in scenario C shows 
that all the averages have a positive NPV after a lifetime of 14 years, i.e. all of the electric 
vehicles are a socioeconomic beneficial choice compared to ICEVs.  
 
The total average breakeven after 2,10 years, implying that after 2,10 years or 27.317km, the 
total marginal net benefit from procuring and using an EV instead of an ICEV is bigger than 
socioeconomic cost of the policy measures towards EVs. From a socioeconomic perspective 
the NPV of procuring an EV instead of an ICEV is estimated to be 244.071 NOK, given that 
today´s policy measures lasts the whole lifetime. For Tesla, this happens after approximately 
6 years or 80.000km, while the NPV was estimated to be 164.282 NOK. It is clear to see that 
the average for Tesla has a negative impact on the total average. However, each of this 
estimated averages in scenario C are more beneficial than the baseline.  
 
From the changes in the result from scenario A-C it is safe to say that the private costs have 
the biggest beneficial impact on the results, while the fixed and variable costs are more or less 
the same over a lifetime of 14 years. The biggest component in the private costs is the 
marginal benefit from fuel costs. The reason why the marginal net benefit of the fuel costs is 
so high stems from the combination of lower prices for electricity compared to the high petrol 
and diesel prices, and that EVs are more energy-efficient. Hence, keeping a significant price 
difference between electricity and petrol and diesel will keep the private costs high. The 
second biggest component is tollbooths and ferries, which helps explain why this is valued as 
such an important factor for buying an EV.  
 
Other research using a cost-benefit analysis to evaluate the Norwegian policies towards 
electric vehicles has not been found in the literature search. The only research found that 
might be comparable is Carlsson and Johansson-Stenman (2003) who does an ex-post CBA in 
order to figure out if it would be socially profitable to subsidize EVs in Sweden. They 
concluded that it wasn´t socially profitable, because the loss in tax revenues would be too 
high.  
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It is important to remember that an EV is a socioeconomic beneficial choice compared to an 
ICEV, given the specific assumptions in the model. If the alternative is to purchase a new EV 
to replace the old ICEV or not to buy a new vehicle at all, it will not be socioeconomic 
beneficial to buy an EV. The reason for this is that mortgage and interest rate would make the 
private costs negative, and the model will never breakeven over a lifetime of 14 years. 
However, replacing a used ICEV with a used EV would most likely be socioeconomic 
beneficial given that the price difference is minimal, since the marginal net benefit from 
private costs would increase. Though, this would vary from each individual vehicle and 
specific data on purchase prices and emissions for each of the vehicles would be needed in 
order to know for certain.  
 
These results does not imply that the procurement of an EV is socioeconomic beneficial 
compared to the use of public transport, walking or cycling. If the alternative for a person is to 
buy an EV or don´t buy a vehicle at all, i.e. an additional vehicle to the car fleet. This would 
not be socioeconomic beneficial, since all of the marginal external effects with the use of that 
EV would become a cost instead of benefit. In addition, all of the private costs that occur by 
owning a vehicle would also count as a cost in the model.  
 
This research and these results does not estimate or imply that the total socioeconomic effect 
of the policy measures is beneficial, i.e. that the socioeconomic effect of all vehicles in the 
data is beneficial. To estimate this, specific data on how many EVs were replaced with ICEVs 
and how many EVs became an additional vehicle in the household is needed. This was 
beyond the scope of this thesis, but is recommended for further research in order to provide 
insight in the total socioeconomic effect of the policy measures.  
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5.2 Recommendation  
The current policies measures towards electric vehicles in Norway are to be considered a 
success by the results from this thesis, in the way that they have made EVs a more 
socioeconomic beneficial choice than ICEVs. Further, they definitely meet some of the 
general principles of the Norwegian transport policy, such as to stimulate use of more 
environmentally friendly and energy sources, and reduce the emissions from passenger 
vehicles.  
 
The planned change in excise duty with increased focus on CO2 and NOx, and reducing the 
rates of weight and kW will help to make EVs more cost-effective and more socioeconomic 
beneficial compared to ICEVs. The reason for this is that by reducing the rates of weight and 
kW, the cost for excise duty in the model will be reduced. It is important that the components 
have been reversed so much that when the excise duty becomes applicable to EVs in 2020 it 
doesn´t lead to a drastic increase in the purchase prices.  
 
The suggestion to replace the exemption of VAT with a premium that is set to phased out 
over time correlating to the technology development, will make the purchase price for Tesla´s 
higher, given that the premium is the same for every vehicle. A higher purchase price will 
reduce sales, and considering that Tesla is the only alternative for many potential EV-owners 
and that it is the vehicle that replaces most ICEVs, this will have a negative impact on the 
implementation of EVs in Norway. Hence I recommend that this suggestion is postponed at 
least until Tesla got some other competitors in the segment. An alternative could be that all of 
the extra equipment chosen in addition to the basic model was not exempted of VAT. 
However, to implement and control this could be time-consuming and create an inefficient tax 
system.  
 
An alternative to consider, instead of removing the incentives for tollbooths and ferries at a 
given time, could be to phase them out and replace them with rates based on each vehicle´s 
emissions, in the same way the excise duty is planned. For example, a minimum fee that 
every vehicle have to pay to pass and in addition to that each vehicle have to pay a certain 
amount relative to the CO2-emissions.  
 
There are some concerning evidence about the real emissions of CO2 and NOx from new 
ICEVs compared to the stated emissions. Hence, having multiple important tax components 
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mainly depending on the stated CO2-emissions would lead to lower revenue and higher 
emissions of GHG than what is estimated. Here further research is needed in order to make 
sure that the stated emissions are the same as the actual emissions from driving under 
Norwegian conditions. I strongly suggest that this is sorted out before multiple tax 
components for vehicles solely rely on vehicle emissions, especially such an important tax as 
the excise duty.  
 
The private cost is an important parameter in making the electric vehicle socioeconomic 
beneficial compared to the conventional vehicle. The dilemma here is that the same incentives 
are also making electric vehicles so cheap to use that some EV-owners choose it instead of 
public transportation. Given the increased number and use of EVs, the policy would 
eventually have to change in order to make EVs a more costly choice than public 
transportation than it is today.  
 
Passenger transport with the use of cars is inevitable in this elongated country, and in order to 
fulfill certain climate agreements and reach planned reduction of GHG-emissions a more 
environmentally friendly car fleet is needed. Considering the time it takes to change a car fleet 
and the future potential of EVs, the implementation of electric vehicles needs to happen 
sooner rather than later in order to reduce emissions from road transportation. Further, 
considering the sustainability of EVs today, policy measures are still needed. From a 
socioeconomic and environmental perspective, the future policy measures should aim at 
making the use of vehicles a more costly choice compared to public transport, walking or 
cycling than they are today. At the same time make sure that the private costs of EVs are 
significantly less than for ICEVs.   
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Appendix 1: Temperature anomaly  
 
Temperature anomalies. Source: NASA [5].  
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Appendix 2: CO2-levels 
 
CO2-levels. Source: NASA [8].  
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Appendix 3: Marginal external costs of climate change 
 
Source: (Korzhenevych et al., 2014) 
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Appendix 4: Survey among EV-owners  
 
Source: Chapter 5.9 in Figenbaum et.al. (2014).  
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Appendix 5: Replacing EVs with ICEVs 
 
Source: Chapter 4.5 from Figenbaum et.al (2014) 
 
	   60	  
Appendix 6: What is preventing people from buying an EV  
 
Source: Chapter 2.2.4 in NAF (2015).  
 
  
